Human skin fibroblasts in in vitro culture secrete over fifty proteins into the culture medium [l]. Exported proteins include the glycoproteins, fibronectin, laminin and the collagens, all of which are involved in the composition of the extracellular cell matrix. Information is limited as to the quantities of material secreted by cultured cells during growth. Jones et al. [2] found when rat heart smooth muscle cells were cultured they produced milligram quantities of connective tissue proteins within a relatively short time ( 2 weeks ).
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Using a human skin fibroblast cell line, F152 [l], we have attempted to quantitatively measure collagen secretion rates into the culture medium under differing conditions. Measurement of hydroxyproline formation has been widely used as an indicator of collagen synthesis [3] . However this method is not reliable where hydroxylation is limited, nor where some of the collagen secreted may be degraded [4] . We have monitored the intact collagen present in culture medium using a modification of the spectrophotometric dye-binding technique described by Marotta and Martino [5] .
Ascorbate is an essential requirement in normal connective tissue metabolism and for collagen formation [6] . Ascorbate has been shown to be a cofactor in the hydroxylation of proline to hydroxyproline [7] and of lysine to hydroxylysine [8]. Collagen's hydroxyproline residues are required for helix stability [9] .
In a series of experiments D-and L-forms of ascorbic acid were added to cells in culture to investigate their effect on collagen secretion rates. The human adult skin fibroblasts ( cell line F152 ) were grown to confluence in Dh4EM ( Gibco Ltd., Paisley ) supplemented with 20% FCS. The cells were then sub-cultured into 25 cm2 tissue culture flasks ( Falcon ) with 8 ml DMEM, supplemented with 4% FCS. Concentrations ranging from 0 to 100 pglml of either L-ascorbic acid or D-isoascorbic acid ( Aldrich, Dorset, England ) were then added to the medium. A fresh ascorbate supplement was added to the cultures daily, as ascorbic acid has been found to be unstable in culture media when incubated at 37 OC [4] . Within 24 hours 88% to 98% of the ascorbate disappears or has been oxidised [lo] . Samples (200 pl) of culture medium were taken at fixed time intervals over a three day period and assayed for collagen using the modified dye-binding assay.
The presence of ascorbic acid in the culture medium enhanced collagen production ( Fig. 1. ) . A gradual increase in collagen levels was seen over the first two days, unlike the ascorbate -free controls, reaching a plateau by 56 hours. The effect of ascorbate on collagen synthesis in cell cultures, particularly fibroblasts, has been extensively examined [4, [11] [12] [13] . There is however some controversy over the effect of ascorbic acid on collagen synthesis by fibroblasts [14] . In the present study similar patterns were obtained for both the L-and D-forms of ascorbic acid, however a larger percentage increase was found with the L-form, than was obtained when using the D-form. Murad et al. [15] found the L-ascorbate form to be more effective in stimulating collagen production. We have fmnd both the L-and D-forms of this vitamin to be effective in increasing collagen secretion rates. 
